In this paper we introduce a new location management mechanism, called LAMPS (Location Agents and Mobile PNNI Scheme). This mechanism was designed for large private wireless ATM environments, where the switches are inter-connected using the PNNI (Private Network-to-Network Interface) protocol. In such an environment, it is expected that mobility enhanced switches will co-exist with standard switches (i.e., no support for mobility procedures), and that di erent sets of switches will form disjoint areas of continuous radio coverage. LAMPS takes advantage of the PNNI routing functionality to tackle the location management requirements. In addition, location agents located in the mobility enhanced switches, store when required, the location areas of the mobile terminals.
Introduction
The functionality of a location management protocol consists of two mechanism: Location Update and Location Inquiry (or Location Tracking). Location Update includes the actions to update the appropriate network components when Mobile Terminals (MTs) move to di erent location areas. Location Inquiry is the procedure executed by a network component to determine the exact location of a MT to deliver a call or any other service. A location management mechanism must meet several requirements 1 such as: scalability, preservation of location and user con dentiality, generation of minimum signaling load, inter-working with existing standards and components (e.g., switches that are unaware of mobility procedures), and establishment of optimum paths for the data connections. All location management mechanisms developed until now attempt to satisfy the aforementioned requirements and can be classi ed in two major categories:
1. Location Register Schemes: Location registers are used to store the location of mobile users and use this information whenever a call has to be delivered to a MT.
2. Mobile P-PNNI Schemes: Additional functionality is added in the PNNI protocol to achieve the required mobility support.
In this paper we propose a new approach that uses Location Agents (LAs) on the Enhanced Mobility Switches (EMSs). These agents are used to track and store the location of the MTs that have moved from their home area. The set of switches is logically divided into several control areas. Inside each control area the routing information provided by PNNI is used to forward calls. We call this approach LAMPS (\Location Agent & Mobile PNNI "Scheme). LAMPS can be considered as a combination of the two aforementioned schemes. The rest of the paper is organized as follows. Section 2 gives an overview of existing location management mechanisms. In Section 3, the network architecture for which LAMPS has been designed for is outlined together with a detailed description of the proposed mechanism. Section 4, contains a comparison of LAMPS with existing mechanisms and concludes the paper.
Related Work
As mentioned in Section 1, there are mainly two types of location management mechanisms, which are based either on the use of Location Registers or on extensions of PNNI to handle terminal mobility. Mechanisms of the rst category, 5 -10 13 use database servers that store the location of MTs. Most of these mechanisms are based on IS-41 3 and GSM MAP 4 , which they try to improve with the use of forwarding pointers and dynamic location update strategies. Location inquiry always proceeds the execution of a call setup phase. In almost all of these techniques, the main issue is to nd the appropriate percentage between the number of signals needed to update the location registers and the number of signals during a location tracking, in order to minimize the overall signaling tra c and processing load. There is also a clear trade-of between call setup delay and the e ciency of connection routing. Mechanisms of the second category 11 13 exploit the PNNI routing capabilities to nd the exact location of a MT. In these techniques, location inquiry is performed during the execution of the standard call setup procedure. The main issue in the design of these mechanisms is to achieve an optimum route between the calling and the called party, and to modify as less as possible the standard signaling procedures. Both categories of location management techniques present advantages and disadvantages. Location register schemes are already used as a type of acceptable solution in the telecommunications industry. The existing standards (e.g., GSM/MAP) can be used to serve the needs of the mobile population in a customer premise network. Even if this solut ion is inadequate, some of the new proposals can be used instead, since they claim that they can work with very large numbers of mobile users more e ciently. Moreover, the main achievement of these mechanisms is that a connection has always an optimum routing, since the exact location of a MT is retrieved prior to a call setup. Solutions of this type present however some drawbacks. Firstly, in a wireless environment both xed terminals and MTs exist. Whenever a call setup is issued, a distinction on the type of the called terminal is needed, since location tracking is needed only for the MTs. This imposes a separation on the addressing space 11 12 . Furthermore, these mechanisms will need extra-routing procedures for the communication between LRs, which leads to the deployment of new routing protocols and to an increase of network administration procedures. Finally, when the PNNI protocol is used for the interconnection of switches, the overall system may end up with duplication of routing information and functionality, since the PNNI ooding of routing information can be used instead.
For the Mobile PNNI schemes, with minor modi cations in the PNNI (i.e., new information elements or call forwarding procedures), administration and duplication of information is tackled e ciently. Another important issue is that no distinction between MTs and xed terminals is required. Finally, these mechanisms behave extremely well when the called MT is attached to its home switch or near it. The major drawback of these mechanisms is that, the location tracking messages of the \location registers"schemes and the procedures they initiate, are likely to be much lighter compared to the PNNI setup-message, used for inquiring the temporary address in the Mobile PNNI solutions, both in terms of computation and bandwidth. Another drawback is that in some cases (e.g., 13 ) route optimization may be required after the establishment of a connection.
LAMPS description
A customer premise network may consist of many buildings and a large number of users 12 . It can also be assumed that a network of this size could be logically partitioned in \Radio Islands (RI)", each one of them covering an area of several buildings, e.g., campus area, company buildings. A RI is the area of continuous radio coverage (i.e., the RI is the largest area a MT can move inside without losing connection to the network). Figure 1 gives an overview of the network topology. Each RI contains a large number of switches some of which are EMSs such as described in 2 . Every EMS has attached to it several base stations, the primary role of which is the adaptation of ATM cells to radio packets and vice versa. All other switches, called SW in Figure 1 , are typical ATM switches without any mobility capabilities. All switches inside a RI are interconnected through the PNNI protocol. The RIs may be inter-connected through a public or private ATM network. The network protocol to be used for these connections can be PNNI, B-ISUP, or B-ICI. Assuming the topology of Figure 1 , a MT can roam in the coverage area of only one switch, or it can move through the coverage areas of di erent switches inside the same RI, or move through di erent RIs. The ability of a MT to move in the coverage area of multiple EMSs, raises the need to design an e cient location management scheme. In a network, like the one presented here, the number of switches and mobile users is too large for PNNI ooding of information to advertise the extended addresses of the MTs, since it would create huge routing tables in the switching nodes. Thus, a special location management technique is needed. In our proposed mechanism, the network is logically divided into Location Peer-Groups (LPG). A LPG is de ned as the set of switches that when a MT moves between them does not need to acquire a new address. In terms of PNNI peer groups, a LPG contains the same area of a PNNI peer-group of a level de ned by the network administrator. One RI may consists of one or more LPGs. Every LPG may contain one or more PNNI peer-groups. Once a PNNI group of level i is de ned as a LPG, then no other LPG of a higher or lower level can be de ned. Whenever a MT registers in a di erent LPG, a MFA is assigned to it, and its HEMS is noti ed about its new location. The HEMS also manages user pro les and security information for all the MTs that use this switch as their HEMS. The HEMS can be considered to perform similar actions as the GSM/HLR. The VEMS keeps similar information about the MT, but locally. The VEMS for a MT executes similar functions as the GSM/VLR. The PNNI ooding is used inside the LPGs for routing all incoming connections to the VEMS the MT is currently attached to. In other words, the VEMS announces, using the PNNI ooding, that the MT is connected to it. All switches of the LPG (EMSs and standard switches) route incoming connections to the speci c VEMS. The ooding is limited to the LPG area as the addresses used (MHA/MFA) are native addresses in the address summarization inside the peer group.
Location update during registration
Depending on which LPG a MT uses to enter to the network, two types of registration procedures exist. The rst one takes place when the MT registers to the HLPG, while the second situation arises when the MT registers in a Visited LPG (VLPG). When a MT registers in its HLPG, either in its HEMS or not, only its MHA is used. After the registration procedure is completed, the PNNI ooding is used to notify the appropriate number of switches inside the LPG about the entrance of the MT in the network. The exact number of switches that are noti ed depends on the relative position of the HEMS and the newly associated EMS. For example in Figure 3 , if the MT A.1.3.4 registers in its HEMS (A.1.3), then no unsummarized information is ooded inside the HLPG, since the MHA is a native address of the HEMS. If however, the same MT registers in EMS A.1.1, then all switches A.1.* will receive the unsummarized information about the exact location of the MT. Whenever a MT registers in a LPG di erent from its home, it initially informs the new switch about its MHA. The pre x of the MHA identi es the HEMS of the MT. The HEMS is then noti ed about the entrance of the MT in the network and security and authentication procedures will take place. Upon successful completion of these procedures, the MT receives a MFA. This address is also stored in its HEMS. Note that since the MFA is a native address of the VEMS, the registration of the MT will not cause any additional PNNI ooding of information inside the VLPG. In other words native MFA addresses are used instead of the MHA to cut down the number of PNNI routing updates. For example consider the network of Figure 3 that consists of three RIs. In RI I, there are two LPGs, the rst of them containing two PNNI peer groups while the second contains only one. Whenever the MT A.1.3.4 registers to a VEMS (e.g., A.3.3) of the same RI or to a VEMS of a di erent RI (e.g., B.1.2), then the MT will acquire a temporary MFA, and the HEMS is noti ed. Since the MFA, is a native address of the switch the MT has registered to, no additional PNNI ooding is done. The MFA reachability information is ooded with the summarized native addresses of the serving EMS.
Location Update during terminal movement
Location update takes place each time a MT moves either inside a LPG or through LPGs. In the rst case the PNNI ooding of routing information is used to update all nodes about the current location of a MT. For example in Figure 3 , if the MT A.1.3.4 moves to A.1.1 then all switches A.1.* are noti ed by the PNNI. Again the exact number of switches that receive such information depends on the relative positions between the old VEMS and the new one. If A.1.3.4 moves from the PNNI Peer Group 1 (PG1) to a switch of PG2 (e.g., A.2.1), then all A.1.* and A.2.* switches will be noti ed. If a MT moves between LPGs then the registration procedure takes place (i.e., the MT receives a MFA), and the switches of old LPG are also noti ed that the MT is no longer in their area. For example if MT A.1.3.4 moves from A.2.1 to A.3.3 (e.g., inside LPG2), then all switches of LPG1 (e.g., switches A.1.* and A.2.*) will be noti ed that this MT is no longer inside LPG1. The HEMS does not need to be informed when the serving EMS (VEMS) is changed inside the same LPG. The identity of the new EMS is ooded inside the LPG and security, service pro le and charging information can optionally be transferred to it.
Location Inquiring -Tracking
Location inquiring is performed whenever a call setup towards a MT is executed. The rst EMS that receives a setup message for a MT interrogates the HEMS of the MT about the exact location of the MT. The protocol used for this interrogation can be a proprietary protocol, or the evolution of a standard one such as GSM/MAP. The HEMS to be interrogated is derived by the MHA pre x. In case there are no EMSs on the route of the setup message, the setup will eventually reach the HEMS of the MT and from there it will be routed to the current location of the MT. The same scenario can be used in other cases, where for example location con dentiality is required. For location tracking to work properly in LAMPS two modi cations are needed 11 . Firstly, there is a need for separating the address space for MTs and xed terminals. This is necessary since no location inquiry phase is necessary when the called terminal is a xed one. Furthermore, since a call setup is further processed in an inquiring EMS, the standard functionality of the PNNI Designated Transit List (DTL) has to be altered. In PNNI, source routing is used. This means that the rst node of a peergroup that receives a setup message calculates the most appropriate path for the connection inside the peer-group, and stores it inside the DTL. in LAMPS, when the inquiring EMS becomes aware of the exact location of a MT (i.e., receives its MFA), it has to re-calculate the DTL. The di erence with the standard use of DTLs, is that the inquiring EMS will not always be the rst node that receives the setup message inside a PNNI peer group. Thus, all EMSs, even if they are located in the core of a PNNI peer group, need to be able to alter the existing DTLs for a setup message.
Call Setup
For the call setup procedure to be executed, the MHA is initially used. If the called MT has moved in a new LPG, its MFA is required for the call setup to be properly routed. The rst EMS that intercepts this setup message will use the location inquiring procedure described in the previous section, to obtain this information. The next step is for the inquiring EMS to send a call setup towards the called terminal in its current LPG. Inside the LPG the setup will eventually reach the VEMS with which the MT is currently associated. In order for this to take place, the PNNI ooding of routing information is used inside the target LPG as well a s the crankback and alternate routing. Note again that each time the MT moves inside the same LPG, PNNI signals update the routing tables of all nodes about the current location of the MT. The advantage of LAMPS is that when the percentage of EMSs increases, the probability of having misrouted connections drops signi cantly.
Comparison with other schemes -Conclusions
In this section, we compare LAMPS to the mechanisms described in Section 2.
One of the major advantages of LAMPS is that no location registers are used (only location agents that store the mapping between the MHA and the MFA). This means that there is no need for deploying new routing algorithms or components for exchanging location management messages. Secondly, by separating call setup from location inquiry, connections with optimal routing can be achieved. Thus, there is no need for route optimization mechanisms. This is especially true when the number of EMS inside the network is large. Furthermore, since the PNNI functionality is used during call setup, the route to a MT, even if it has moved from its previous location, is done automatically, thus, eliminating the need for forwarding pointers. Another major advantage is that since location inquiry is an autonomous operation, the primitives used by the location agents can be identical to the ones used in existing standards (e.g., GSM/MAP)and their evolution. This feature can be very useful if the MTs of a private network can call, or be called by, termin als that roam in other private or public networks. In LAMPS, location management requires less bandwidth and processing requirements than the other Mobile PNNI proposals, since the signaling messages of LAMPS are lighter than the call-setup message of PNNI. Moreover, this approach presents the need for minimummodi cations in the PNNI functionality, and the functionality of the location agents seems to be easy to implement. The major drawbacks of LAMPS is the required separation of the address space and the alteration of the standard procedure of the DTLs calculations. However, analytical models 14 15 prove that LAMPS outperforms similar location management mechanisms. To summarize, LAMPS combines the characteristics from the location register and mobile PNNI schemes. For this mechanism to work, minor modi cations are needed in the PNNI functionality (modi cation of the DTL functionality and addressing issues). LAMPS however, inherits the advantages of the Mobile PNNI schemes and the Location Register schemes, such as the usage of the PNNI routing protocol, the light messages for location inquires, and the short misrouted paths. Furthermore, our protocol was designed in a way to take in consideration the existence of switches that are unaware of any mobility procedures.
